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SYNOPSIS This paper provides the theoretical base and a resonable testing method for pile founda-
tion, the top of piles are free and the bottem of piles are fixd, dynamic characteristics test of 
continuous beam bridge, considering the dynamic interation of pile-soil for doing pile founda-
tion dynamic test in site. The model analysis method and CAT( Computer Aided Test ) are used for mo-
del parameters identification from the dynamic of pile foundation mode, several low cured modes and 
natural frequencise are got. Furthermore, the therectical computation compared with result of the 
mode test, Both are most alike. The dynamic characteristics of the pile mode are calculated with 
finite element and Penzine's basic assumptions , the soil medium is modeled by a series of springs 
with short distance each other. The stiffness coeffcient of the springs can be fitted in computer 
that according to the result of dynamic test of pile mode. The influrence rule is obtained from the 
dynamic characteristics of pile owing to soil depth, one or multiple kinds of soil and one or multi-
ple layering of soil. After though researching the dynamic characteristics testing method of pile 
foundation mode, a reasonable testing way have obtained for dynamic parameters identification of 
pile foundation in site. 
INTRODUCTION 
It is a difficult problem how to determine and 
get the dynamic parameters of the pile-soil in-
teraction with dynamic test in site. There are 
three essential factors, the exciting ( general 
term : input ), the system ( elastic structure ) 
and respone ( output ) . With one of the three 
factors unknown, In the case the problem can be 
divided three types: (1) The exciting and system 
are know, the problem becomes the predicted; (2) 
the system and respons are known, the problem is 
exciting conjecture: (3) The exciting and res-
pons are known, the problem is to identify the 
system. Type (2) and (3) belong to inverse pro-
blem. this task is type (3), because there are 
many many influrence factores on soil stiffness 
and pile boundary conditions to establish a ma-
thematical modle of pile-soil system of suitable 
difference condition is very diffcalt. The iden-
tification method of frequency spectrum is an 
appropriate input at the studing system and the 
output at determining system, acccrding to the 
input and output to establish the mathematical 
model of the system. In order to study the vib-
ration of pile-soil interaction, an analysis 
model can be made instead of the practical sys-
tem and use the model to analysis and calculate 
the various characteristics of practical struc-
ture • The crux of structure dynamic design is a 
proper mathematical model, it gives the struc-
ture natural frequency and the respone under va-
rious exciting to provids base to study the per-
formance of structure vibration-resistant. Bring 
exciting to bear on model or practical structure 
and measuring the respons signal of the model or 
practical structure at various typical points, 
the mode parameters such as frequency , damp , 
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natural mode, soil stiffness and mass ect., can 
be taken. They are used to reform the primary 
mathematical model, thus providing model or 
structure with more correct dynamical characte-
ritics. The major content of this paper: Estab-
lish a dynamic calculation model of pile-soil 
interaction system , finite element model. The 
soil around the pile with Penzine's assumptions, 
taken the soil medium as a series of springs, 
but don't consider their damping. Densifying the 
springs in a depth superficial stratum and lay-
ing some or few springs in depth stratum. after 
though mesuring for single pile and double piles 
model, the different natural frequency, vibra-
tion mode and the change law of the dynamjc cha-
racteristics are taken with the transfer func-
tion graphic. Compare th~se parameters with the 
theoretical calculation value, use the CAT to 
reform the calculation model and boundary condi-
tion until the result is same and satisfactory 
With the stiffness coeffcient of soil spring and 
the supporting condition of the bottom are gain-
ed from the model, Therefore the testing method 
and mathematical model can be used on practical 
pile-soil system. This optimal test design is an 
effective way, the test is not only satisfactory 
, but it can also reduce the testing costs. 
BUILDING THE MECHANICS MODEL 
The finfte element mechanics modle of pile-soil 
interaction system is based on Penzine's method 
shown in Fig. 1 
The basic assumption: 
1). Lat the pile be divided in to limited parts 
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, each being a concentrated 
mass which acts on its center. 
2). The soil is a elastic con-
tinuous medium. 
3). The stiffness coeffecient 
of soil stiffness is taken by 
"BG" program depending on pra-
ctical measurement. 
4). The pile-soil system is 
one dimension. 
5). The top of the pile is 
free. Accroding to the mecha-
nics model and the five assum-
ptions, the pile-soil system 




The first problem is exciting. there are two 
ways about the exciting commonly, one is the 
direct exciting and the other is the vibration 
table. The first method is used, because the 
object of mode test is to test a continuous beam 
bridge in site. Because of exciting energy is a 
crux. A recoil exciter, a small "rocket" , it 
belong to a pulse excition, will be adopted on 
practical continuous beam bridge, a force-hamm-
er, as a pulse excitation, is used on the test 
model. In order to verify the reliability of the 
pulse excitation the sine exciter and random 
exciter are used on the test model simultaneous-
ly. The results are conformable. The schematic 




1 - Pile 2 - Amplifier 3 - FFTanalyzer 
4 - Signal generator 5 - Power am~lifier 
6 - Strain gauge 7- Transducer of acceleration 
8 - Exeoter 
The model structu·re diagram is shown in Fig .3 
1 - Pile 
2 - Container 
3 - Base 
Fig. 3 
The diagram of double piles model is omited. 
The figures, " TIME • • PWR • AND • XFR •, of 
testing piles are all omited. 
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TESTING RESULT AND ANALYSIS 
1). The first three frequencies of the measure-
ment with the three exciting ways and the theo-
retical calculations on single pile in air, sand 
and iron-sand ( iron-powder + sand ) respective-
ly are shown in table 1-3. 
Table 1 
Frequency 11 f2 f3 
Exciting (Hz) (Hz) (Hz) 
Hammer 125.00 850.00 2387.50 
Sine 125.00 850.00 2387.50 
Random 125.00 850.00 2387.50 
Calculation 127.56 847.70 2466.89 
Table 2 
Frequency f 1 (Hz) f2(Hz f3(Hz) 






132.5 133.1 857.5 854.4 
134.5 134.5 867.5 857.8 
137.0 136.9 875.5 857.9 
139.0 139.3 885.0 857.9 
145.0 145.7 885.0 859.3 








f1 (Hz) f2(Hz) 
Mers. Cal. Mers. 
132.5 133.1 865.5 
135.0 134.5 870.0 
137.5 136.9 875.0 
139.5 139.3 875.0 





















When mediums in different depths around the pile 
are sand and iron-sand alternately the spring 
eoefficents are fitted by the CAT. Because of 
the connecting points are not fixed completly 
between the bottom of p'il e and the base, the 
boundary conditions should be revised. The sp-
rings coefficent value are shown in table 4-5. 
Table 4 
Ks1 · Ks2 Ks3 Ks4 Ks5 
















Note: Testing pile in the sand 
69.13 
68.14 68.14 
The first three calculating modes of single pile 
model with different depth of filled sand are 
shown in Fig. 4 
The double pile modes are omited. 
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s 
1.= 12 em 1.=14 em 
l(J) t(j) 
1.= 16 em 1,= 18 em 
I.= 20 em 
Table. 5 
Ks1 Ks2 Ks3 Ks4 Ks5 Ks6 
l.(cm) stiffness coefficent (kg/em) 
20 204.7 204.7 
18 149.7 149.7 149.7 
16 '96.3 96.3 96.3 96.3 
14 72.2 72.2 72.2 72.2 72.2 
12 70.2 70.2 70.2 70.2 70.2 70.2 
Note: Testing pile in the iron-sand 
with the three exciting ways and the theoretical 
calculations on double piles in air, sand and 
iron-soil ( iron powder + sand ) are shown in 
table 6--8. 
Frequency f 1 























Frequenc~y-u~f71~(H~z~)~r-----~~f~2~(~H~z~)~ !'Jers. Cal. Mers. Cal. 
84.50 83.73 674.9 
84.50 84.41 677.9 
85.50 84.94 678.1 
87.50 86.26 680.2 
92.00 88.59 682.6 
Notes: Testing pile in the sand 
Table 8 
Frequency f1 (Hz) f2(Hz) 
1. (em) !'Jers. Cal. ['Jers. Cal. 
20 83.50 83.73 674.9 
18 84.00 84.41 677.9 
16 84.50 84.94 678.1 
14 86.00 86.26 680.2 
12 88.00 88.59 682.6 
Note: Testing pile in the iron-sand 
The springs coefficent value are shown in table 
9-10. 
Table. 9 
Ks1 Ks2 Ks3 Ks4 Ks5 Ks6 
l.(cm) stiffness coefficent (kg/em) 
20 187.4 187.4 
18 173.0 173.0 173.0 
16 108.6 108.6 108.6 108.6 
14 103.3 103.3 103.3 103.3 103.3 
12 103.2 103.2 103.2 103.2 103.2 103.2 
Note: Testing pile in the sand 
Table. 10 
Ks1 Ks2 Ks3 Ks4 Ks5 Ks6 
l.(cm) stiffness coefficent (kg/em) 
20 187.4 187.4 
18 173.0 173.0 173.0 
16 108.6 108.6 108.6 108.6 
14 103.3 103.3 103.3 103.3 103.3 
12 103.2 103.2 103.2 103.2 103.2 103.19 
Note: Testing pile in the iron-sand 
From table 1 and 6 We can see that the natural 
frequencies are same respectively with the 
three kinds of exciter on the first three mode. 
Therefore , when the exciting energy is adequate 
, the exciting frequency band is appropriate and 
the exciting position is correct then using 
pulse exciter becomes available on praeticl 
structure in site. The fast speed, economy and 
reliability of recoil exciter method will be re-
flected fully on practical structure. 
From table 2 and 3 We can see that the natural 
frequency is unlike respaetively when the pile 
is in the different medium.The natural frequen-
cy increase with the filled medium depth.The 
responses are different from the different in 
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medium, although their densities are similar al-
most, the determined and calculated values are 
different. 
From table 4-5 and table 9-10 We can see that 
the soil-spring coefficents are different with 
the depth of filling medium, but in the sa·me 
filled lever the coefficents are same. 
CONCLUTIONS 
1. The testing way of dynamic characteristics of 
pile-soil system provides a economical costs, 
raising working efficiency and shorten the test-
ing period. 
2.To.g!ltboundray conditions of soil-pile and soil 
-spring becomes possible presently infield. 
3. this paper gives a useful test method for 
continuous beam bridge in site. 
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